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SOLUTION: As the positive electrode active 
material, lithium contained cobalt dioxide, which is 
heated at 850°C, is used. This lithium contained 
cobalt dioxide, carbon powder as a conductive 
agent, fluororesin powder as a binder, and ferrite 
magnet powder as the magnetic material are mixed 
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54 [Title of the Invention] NONAQUEOUS ELECTROLYTE SECONDARY 

BATTERY 

57 [Abstract] 

[Problem] The improvement of active material seed cell 
adhesion and the improvement of the cycle property in a secondary 
battery electrode. 

[Means for Solving] The addition of things like a ferrite 
magnet magnetic material to an active material layer that 
constitutes an electrode. 

[Figure] 



[Key to Figure] 
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the present invention cell A 
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[Claims] 

[Claim 1] A nonaqueous electrolyte secondary battery with the 
addition of a magnetic material to an active material layer that 



constitutes an electrode. 

[Claim 2] A nonaqueous electrolyte secondary battery as 
described in Claim 1 that is characterized by the aforementioned 
magnetic material including iron, manganese, cobalt and samarium. 

[Claim 3] A nonaqueous electrolyte secondary battery as 
described in Claim 2 that is characterized by the aforementioned 
magnetic material being a ferrite magnet or a samarium magnet. 

[Claim 4] A nonaqueous electrolyte secondary battery as 
described in Claim 1 that is characterized by the aforementioned 
electrode being a negative electrode and being constituted from a 
carbon material . 

[Claim 5] A nonaqueous electrolyte secondary battery as 
described in Claim 1 that is characterized by the aforementioned 
electrode being a positive electrode and being a lithium-containing 
compound oxide that contains any of iron, manganese or cobalt. 

[Detailed Explanation of the Invention] 

[0001] 

[Industrial Field of Utilization] The present invention is 
one with the improvement of the cell cycle property by improving 
the constitution of an electrode in a nonaqueous electrolyte 
secondary battery that has a positive electrode and a negative 
electrode . 

[0002] 

[Prior Art] Presently, carbon materials that can have 
stratified crystal structures with electrical occlusion and 
discharge of active material ions for negative electrodes, for 
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example, have been given attention as electrodes of nonaqueous 
electrolyte secondary batteries, due to reasons like being 
excellent even for the reversibility when there is charging and 
discharging. 

[0003] A negative electrode (carbon negative electrode) 
with a carbon material that is an electrode of this type battery is 
manufactured by a method with an active material layer that is made 
from a carbon layer, formed on a surface of a charge collector by 
applying a slurry that is obtained by mixing a carbon powder of 
things like graphite, mainly, with N-methyl-2-pyrrolidone solution 
of poly (vinylidene fluoride) to a collector unit and drying. 

[0004] However, the poly (vinylidene fluoride) is excellent 
as a binder that unifies the carbon material, but there is a 
problem with the cell capacity being greatly decreased due to the 
internal resistance being increased by the carbon material that is 
the active material peeling from the charge collector when there is 
repeated charging and discharging in a nonaqueous electrolyte 
secondary cell which this uses for a carbon negative electrode due 
to the adhesion of the charge collector with an active material 
layer that is a carbon layer. 

[0005] The Publication of Japanese Laid-Open Patent No. H6- 
163031, which should eliminate these problems, discloses the use of 
polyimide or poly (vinyl formal) instead of poly (vinylidene 
fluoride) as a binder for carbon negative electrodes, but this is 
still inadequate . 

[0006] 
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[Problems to be Solved by the Present Invention] The present 
invention is one that takes items such as these into consideration, 
and offers a nonaqueous electrolyte secondary battery with 
increased attachment of active material layer seed cells of 
electrodes in this type of battery, and with an excellent cycle 
property as the cell capacity is not easily decreased even by 
repeating the charging and discharging cycle. 

[0007] 

[Means for Solving the Problems] A nonaqueous electrolyte 
secondary battery of the present invention is characterized by 
adding a magnetic material to an active material layer that 
constitutes an electrode. 

[0008] Here, ones like ferrite magnets and samarium 
magnets, which are desired to include magnetic iron, manganese, 
cobalt or samarium, are desired as the aforementioned magnetic 
materials. Although ones with the magnetization forces applied to 
one side of a magnet in the present invention with magnetic 
materials that are made from iron, manganese, cobalt or samarium on 
one side of a magnet without magnetizing the other side are 
desirable, while application to one side of the surface of the 
active material layer is desirable, also being on the reverse side 
is desirable as well. 

[0009] Thus, the aforementioned electrode is a negative 
electrode but this negative electrode is also desirable as being 
constructed from a carbon material. Further, the aforementioned 
electrode being a positive electrode is also desirable as being a 

5 



lithium-containing compound oxide that contains any of iron, 
manganese or cobalt. 

[0010] Further, as electrolytic solvents, single, two- 
component or three-component mixtures of things like ethylene 
carbonate, propylene carbonate, butylene carbonate, dimethyl 
carbonate, diethyl carbonate, sulfolane, 1 , 2-dimethoxyethane, 
tetrahydrofuran, or 1 , 3-dioxolane can be used. Further, ones like 
LiPF 6 , LiBF 4 , LiC10 4 , LiCF 3 S0 3 , LiAsF 6 , LiN (CF 3 S0 2 ) 2 and LiCF 3 (CF 2 ) 3 S0 3 
can be included as solute that can be dissolved in this. 

[0011] Thus, the aforementioned active material layer seed 
cell, which is applied to a charge collector, becomes ablated by 
the magnetic force when a magnetic material is added to the active 
material layer in an electrode. The result is that a nonaqueous 
electrolyte secondary battery can be offered with desirable 
attachment of the active material layer seed cell, and an excellent 
number of cycles as the number of cycles also increases with this 
battery, and the active material layer peeling from the charge 
collector can be prevented. 

[0012] 

[Embodiments of the Invention] Below, the present 

invention is explained in detail based on actual examples. 

(Example 1) First, lithium-containing cobalt dioxide was 
prepared which was heat treated at 850°C as an active material of 
a positive electrode. This lithium-containing cobalt dioxide, a 
carbon powder as a conduction agent, a fluoro-resin powder as a 
binder and a ferrite magnet powder (magnetic material) were 
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dissolved in water at a weight ratio of 82:10:5:3 and a slurry was 
made. This slurry was applied from both surfaces on a charge 
collector of a thickness of 2 0 microns that was made from aluminum 
foil. Finally, a positive electrode was prepared by drying and 
treating this slurry coated item at 13 0°C. This drying treatment 
can be modified within a temperature range of 100°C~150°C. 

[0013] On one side, natural graphite, styrene butadiene 
rubber as a binder and ferrite magnet powder (magnetic material) 
were mixed in water at a weight ratio of 93:5:2 for a negative 
electrode and a slurry was made. One with this prepared slurry was 
coated from both surfaces on a charge collector of a thickness of 
20 microns that was made from copper foil. 

/3 

Thus, a negative electrode was prepared by drying and treating this 
slurry coated item at 180°C. This drying treatment can be modified 
within a temperature range of 150°C~200°C. 

[0014] A ferrite magnet powder that was used here had an 
average particle size of 5 microns. 

[0015] A whorl electrode unit was prepared by winding 
through a separator using the above-mentioned positive electrode 
and negative electrode. This whorl electrode unit was inserted 
into a cell can and nonaqueous electrolytic solution was charged 
and a sealing processing was performed. Thus, one with lithium 
tetraf luorophosphate [sic] (LiPF 6 ) as solute dissolved at a rate of 
1 mole/liter rate in ethylene carbonate (EC) and diethyl carbonate 
(DEC) mixed solvent (5:5 ratio by volume) was used as the utilized 
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nonaqueous type electrolytic solution. 

[0016] In this way, the present invention cell A was made 
by preparing a cylindrical nonaqueous electrolytic solution 
secondary battery with a 500 mAh nominal capacitance. 

(Comparative Example 1) A comparative example was done in the 
same way other than not using a ferrite magnet powder which was 
used in the aforementioned Example 1, with lithium-containing 
cobalt dioxide which is heat treated at 850°C as an active material 
of a positive electrode, carbon powder as a conduction agent and 
f luoro-resin powder as a binder mixed in water in a weight ratio of 
85:10:5, and applied from both surfaces on a charge collector and 
a positive electrode was prepared by drying and treating in the 
same way. 

[0017] Further, a negative electrode was done in the same 
way other than not using a ferrite magnet powder which as used in 
the aforementioned Example 1, with natural graphite and styrene 
butadiene rubber as a binder in a weight ratio of 95:5 mixed in 
water, a slurry was made and used; both surfaces were coated on the 
charge collector and a negative electrode was obtained by drying 
and treating in the same way. 

[0018] Thus, a comparative cell V was obtained with the 
same construction as the above-mentioned present invention cell A 
other than the positive electrode and negative electrode. 

[0019] The cycle property of the cells that used these 
present invention cell A and comparative cell V were compared. 
Each cell was charged to a charge-final voltage of 4.2 V at a 
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constant current of 100 mA and discharged to a discharge-final 
voltage of 2.7 V at the aforementioned constant current for the 
experimental conditions . 

[002 0] The effects are shown in Figure 1. Figure 1 is a 
figure showing the relationship of the number of cycles and service 
capacity. 

[0021] Thus, the present invention cell A is understood to 
have an excellent cycle property by suppressing the decrease of the 
service capacity compared to the comparative cell V from this 
figure . 

(Example 2) The present invention cell B was done by 
preparing electrodes and a cell in the same way but using samarium 
magnet powder instead of the ferrite magnets that were used in the 
positive and negative electrodes of the present invention cell A in 
the aforementioned Example 1. 

(Comparative Example 2) A cell of the aforementioned 
Comparative Example 1 was prepared and used as a comparative 
example. In this way, comparative cell W was obtained which was 
constructed in the same way as the above-mentioned present 
invention cell B other than the positive electrode and negative 
electrode . 

[0022] The cycle properties of the cells were compared 
using the present invention cell B and comparative cell W. The 
experimental conditions were the same conditions as the cycle 
experiment of the above-mentioned present invention cell A and 
comparative cell V. 
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[0023] The effects are shown in Figure 2. The present 
invention cell B is understood to have an excellent cycle property 
by suppressing the decrease of the service capacity compared to the 
comparative cell W from this Figure 2. 

(Example 3) The present invention cell C was done by 
preparing electrodes and a cell in the same way as the 
aforementioned Example 1 using petroleum coke instead of natural 
graphite in the negative electrode of the present invention cell A. 

(Comparative Example 3) For comparative use, a comparative 
cell X was done by preparing electrodes and a cell in the same way 
but using petroleum coke instead of the natural graphite that was 
used in the negative electrode of the aforementioned Comparative 
Example 1 . 

[0024] The cycle properties of the batteries were compared 
using the present invention cell C and comparative cell X. The 
experimental conditions were the same conditions as the cycle 
experiment of the above-mentioned present invention cell A and 
comparative cell V. 

[0025] The effects are shown in Figure 3. The present 
invention cell C is understood to have an excellent cycle property 
by suppressing the decrease of the service capacity compared to the 
comparative cell X from this Figure 3. 

[0026] Further, additions of magnetic materials to the 
active material layer can be understood to be effective 
irrespective of the type of electrode material from comparing 
Example 1 and Comparative Example 1 with Example 3 and Comparative 
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Example 3 . 

(Example 4) The present invention cell D was done by 
preparing electrodes and a cell in the same way as the 
aforementioned Example 1 but using a lithium-containing nickel 
dioxide instead of a lithium containing cobalt dioxide that was 
used in the positive electrode of present invention cell A. 

(Comparative Example 4) Comparative cell Y was done by 
preparing electrodes and a cell in the same way but using lithium 
containing nickel dioxide instead of the lithium-containing cobalt 
dioxide that was used in the positive electrode of the 
aforementioned Comparative Example 1 for comparative use. 

[0027] The cycle properties of the cells where compared 
using the present invention cell D and the comparative cell Y. The 
experimental conditions were the same conditions as the cycle 
experiment of the above-mentioned present invention cell A and 
comparative cell V. 

[0028] The effects are shown in Figure 4. The present 
invention cell D is understood to have an excellent cycle property 
by suppressing the decrease of the service capacity compared to the 
comparative cell Y from this Figure 4 . 

[0029] Further, the effectiveness of the addition of 
magnetic material to the active material layer irrespective to the 
type of electrode material can also be understood from comparing 
the Example 1 and Comparative Example 1 with Example 4 and 
Comparative Example 4 . 

(Example 5) 
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The present invention cell E was done by preparing electrodes and 
a cell in the same way as in the aforementioned Example 1 by using 
lithium-containing manganese dioxide instead of lithium-containing 
cobalt dioxide that was used in the positive electrode of the 
present invention cell A. 

(Comparative Example 5) For comparative use, comparative cell 
Z was done by preparing electrodes and a cell in the same way but 
using lithium-containing manganese dioxide instead of lithium- 
containing cobalt dioxide that was used in the positive electrode 
of the aforementioned Comparative Example 1. 

[0030] The cycle properties of the cells were compared 
using the present invention cell E and comparative cell Z. The 
experimental conditions were the same as the cycle experiment of 
the above-mentioned present invention cell A and comparative cell 
V. 

[0031] The effects are shown in Figure 5. The present 
invention cell E is understood to have an excellent cycle property 
by suppressing the decrease of service capacity compared to the 
comparative cell Z from this Figure 5. 

[0032] 

[Effects of the Invention] As above, the industrial value 
is extremely large due to improving the adhesion properties of the 
active material layer seed cell by adding magnetic materials to an 
active material layer that constitutes an electrode and improving 
the cycle properties of this type of cell. 
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[Simple Explanation of the Figures] 

[Figure 1] is a cycle property comparative figure of the 
present invention cell A and comparative cell V. 

[Figure 2] is a cycle property comparative figure of the 
present invention cell B and comparative cell W. 

[Figure 3] is a cycle property comparative figure of the 
present invention cell C and comparative cell X. 

[Figure 4] is a cycle property comparative figure of the 
present invention cell D and comparative cell Y. 

[Figure 5] is a cycle property comparative figure of the 
present invention cell E and comparative cell Z. 

[Explanation of the Symbols] 

A, B, C, D, E the present invention cells 

V, W, X, W[sic], Z comparative cells 

[Figure 1]' 
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[Figure 2] 



[Figure 3] 
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[Figure 4] 
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[Figure 5] 
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[Key to Figures] 
[closed points] 
[open points] 
[horizontal axis] 
[vertical axis] 



the present invention cell 
comparative cell 
number of cycles (revolutions) 
service capacity (mAh) 



16 



